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ATLAS LAr Phase II Upgrade:       
•  Replace the LAr readout electronics 
•  Modify the forward region, including: 

•  possible new (s)FCAL   (or miniFCAL) 
•  possible new forward precision timing detector 

Figure 1. Schematic drawing of the ATLAS LArg calorimeter system. In the middle the barrel
cryostat hosts two electromagnetic wheels, at each end the end cap cryostats host two concentric
electromagnetic wheels, two hadronic wheels and thee forward calorimeter wheels.

which allow for correction for the upstream material using a layer weighting technique. The
requirement for good particle identification, of electrons versus jets, and photons versus π0, is
achieved through a fine granularity of the detector, especially in the first sampling, allowing a
fine position and angular resolution (50mrad/

√
E).

The potentiality that super-symmetric particles may be produced in LHC collisions invites
for excellent missing energy determination. Therefore the ATLAS LArg calorimeters have an
almost 4π acceptance, and sets the energy resolution criteria for the LArg hadronic and forward
regions to 50 %/

√
E for the pseudo rapidity range |η| < 3 and 100 %/

√
E in the pseudo rapidity

range 3 < |η| < 4.9.
The very fine granularity and longitudinal segmentation of the calorimeter allow through layer

weighting technique, when estimating the energy offline, to correct for the non compensating
nature of the calorimeter. Finally the LHC 40MHz bunch frequency makes pile-up an important
background. To minimize its contribution, and making use of the fast rise time of the ionisation
signal, bipolar shaping is applied in the front end electronics.

3. The Atlas Liquid Argon Calorimeters
Three large aluminum cryostats host the LArg calorimeters as displayed in Figure 1. The
three cryostats are surrounded by a barrel hadronic calorimeter build out of iron absorbers
and scintillating tiles as active material, This calorimeter, TileCal, is described in a separate
contribution at this conference [1]. The design and construction of the barrel and endcap EM
calorimeter is precisely documented in the paper [3], and [4] respectively.
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US	  LAr	  Ins?tu?ons	  

! sFCAL	  (or	  LAr	  MiniFCAL)	  
	  	  	  	  	  	  	  	   	  -‐	  U	  Arizona	  

	   	  -‐	  Possible	  interest	  from	  U	  Iowa	  

! Frontend	  Electronics	  Components	  
	  	  	  	  	  	  	  	   	  -‐	  BNL,	  Columbia,	  U	  Penn,	  SMU,	  UT	  Dallas	  

	   	  -‐	  Interest	  from	  UT	  AusPn	  

! FEB2	  and	  Frontend	  System	  IntegraPon	  FEB2	  	  	  	  	  	  	  
	   	  -‐	  BNL,	  Columbia	  

! Backend	  Electronics	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  -‐	  U	  Arizona,	  U	  Oregon,	  Stony	  Brook,	  BNL	  

	   	  -‐	  Interest	  from	  MSU	  

! Timing	  Detector	  
	   	  -‐	  Interest	  from	  UCSC,	  Oregon,	  BNL,	  U	  Iowa	  
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Some	  LAr	  Milestones	  

!  IniPal	  Design	  Review	  (IDR)	  
	  	  	  	  	  	  	  	   	  -‐	  second	  half	  of	  CY	  2016	  

! Technical	  Design	  Report	  (TDR)	  
	  	  	  	  	  	  	  	   	  -‐	  second	  half	  of	  CY	  2017	  

August	  19,	  2015	   US	  ATLAS	  LAr	  Phase	  II	  Upgrade	  Planning	   4	  



sFCAL 
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!  For	  sFCAL,	  discussion	  of	  construcPon	  responsibiliPes	  is	  quite	  advanced,	  with	  a	  
collaboraPon	  that	  includes	  US,	  Canada,	  Germany,	  Russia	  

!  As	  for	  original	  FCAL,	  U	  Arizona	  proposes	  to	  produce	  sFCAL1	  modules,	  and	  also	  cold	  
electronics	  for	  all	  sFCAL	  modules	  

!  Possible	  interest	  in	  involvement	  from	  U	  Iowa,	  though	  they	  are	  currently	  focused	  
instead	  on	  possible	  involvement	  with	  Pming	  detector	  

!  ConstrucPon	  responsibiliPes	  not	  yet	  discussed	  in	  case	  (much	  cheaper)	  MiniFCAL	  opPon	  
is	  adopted,	  but	  U	  Arizona	  would	  be	  involved	  in	  case	  of	  LAr	  MiniFCAL	  

!  sFCAL	  vs	  MiniFCAL	  decision	  milestone	  now	  listed	  (in	  SD)	  as	  “mid-‐2016”	  	  	  



(s/Mini)FCAL	  Core	  Costs	  (from	  SD)	  
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sFCAL	  Schedule	  (from	  SD)	  
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MiniFCAL	  Schedule	  (from	  SD)	  
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Phase II LAr Readout Architecture 
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LAr Electronics 
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!  As	  in	  original	  construcPon,	  US	  groups	  proposing	  to	  take	  lead	  responsibility	  for	  LAr	  FE	  
electronics,	  with	  deliverables	  including:	  

"  Rad-‐tol	  ASICs	  (preamp/shaper,	  ADC,	  serializer)	  

"  OpPcal	  link	  components	  

"  FEB	  2	  

!  BE	  construcPon	  responsibiliPes	  for	  Phase	  II	  are	  so	  far	  less	  advanced	  than	  for	  FE	  
"  Current	  RODs	  were	  built	  by	  European	  collaborators,	  and	  	  considerable	  interest	  exists	  there	  

for	  a	  similar	  role	  for	  the	  LPPR	  in	  Phase	  II	  
"  US	  groups	  are	  playing	  significant	  roles	  in	  Phase	  I	  LDPS,	  and	  will	  bring	  this	  experPse	  to	  

development	  of	  BE	  electronics	  for	  Phase	  II	  
"  It	  is	  going	  to	  take	  some	  significant	  Pme	  to	  sort	  out	  and	  define	  the	  US	  role	  and	  deliverables,	  

complicaPng	  the	  planning	  exercise	  that	  we	  need	  to	  go	  through	  now	  
"  BE	  electronics	  not	  included	  in	  US	  cost/manpower	  esPmates	  made	  in	  2014,	  so	  need	  to	  start	  

new	  effort	  here	  
"  Propose	  next	  step	  is	  to	  hold	  dedicated	  mtg	  with	  interested	  US	  groups	  in	  September	  	  



LAr	  Electronics	  Core	  Costs	  (from	  SD)	  
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LAr	  Electronics	  Schedule	  (from	  SD)	  
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HGTD	  

!  Scoping	  Document	  includes	  
possible	  new	  “4D”	  detector	  in	  
space	  of	  current	  MTBS	  
"  Δz	  =	  60	  mm	  detector	  could	  

cover	  η	  of	  2.4	  –	  4.1	  (5.0)	  

!  Aiming	  for	  Pme	  res’n	  of	  30-‐50	  
ps	  and	  spaPal	  granularity	  of	  
1-‐100	  mm2	  

!  Possibly	  mulPple	  layers,	  if	  also	  
used	  as	  preshower	  

!  Synergy	  with	  possible	  Si/Cu	  
miniFCAL	  (and	  also	  CMS)	  

!  More	  MC	  studies	  needed	  to	  
opPmize	  design	  and	  evaluate	  
ability	  to	  use	  Pming	  to	  reject	  
pileup,	  select	  PV,	  …	  
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HGTD	  Core	  Costs	  (from	  SD)	  
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!  F.	  Lanni	  has	  promised	  to	  provide	  more	  info	  about	  the	  HGTD	  CORE	  cost	  esPmate	  (once	  
the	  pressure	  to	  deliver	  the	  SD	  is	  completed)	  



Possible	  US	  Contribu?ons	  to	  HGTD	  
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!  UC	  Santa	  Cruz	  proposing	  technology	  based	  on	  fast	  Si	  detectors	  

!  Possible	  involvement	  in	  this	  case	  would	  include	  producPon	  of	  30%	  of	  the	  sensors,	  
plus	  producPon/tesPng	  of	  a	  significant	  fracPon	  of	  the	  detector	  assemblies	  

!  Early	  cost	  esPmate	  would	  be	  ~	  $1.1M,	  including	  $650k	  for	  M&S	  

!  Possible	  roles	  of	  other	  US	  groups	  not	  further	  discussed	  yet	  



HGTD	  Schedule	  (from	  SD)	  
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Status/Issues	  for	  US	  Planning	  

!  Cost	  esPmate	  prepared	  in	  July	  2014	  includes	  only	  sFCAL	  and	  FE	  electronics	  
"  Working	  to	  update	  these	  and	  adapt	  to	  new	  WBS	  +	  schedule	  

!  sFCAL	  cost	  and	  manpower	  esPmates	  should	  be	  fairly	  solid,	  since	  known	  
technology	  

!  FE	  electronics	  esPmates	  are	  much	  more	  uncertain,	  with	  a	  strong	  
dependence	  on	  technology	  and	  opPon	  choices	  which	  are	  sPll	  be	  made,	  
including:	  
"  Large-‐scale	  producPon	  costs	  for	  65	  nm	  ASICs	  

"  Final	  mapping	  of	  funcPonality	  onto	  ASICs	  (ie.	  level	  of	  integraPon	  that	  can	  be	  achieved)	  

!  There	  is	  also	  considerable	  US	  interest	  and	  experPse	  in	  the	  BE	  electronics,	  
though	  not	  included	  in	  previous	  US	  planning	  exercise.	  Discussions	  
concerning	  BE	  responsibiliPes	  are	  less	  advanced	  so	  far.	  

!  A	  few	  US	  insPtutes	  have	  expressed	  interest	  in	  HGTD,	  also	  not	  included	  in	  
previous	  US	  planning.	  	  
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From July 2014 Planning Exercise 
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From July 2014 Planning Exercise 



Summary	  

!  US	  ATLAS	  is	  playing	  many	  criPcal	  roles	  in	  ongoing	  LAr	  Phase	  II	  planning	  

!  FCAL	  upgrade	  opPon	  will	  be	  finalized	  around	  mid-‐2016	  (delayed	  again	  in	  
SD).	  US	  plans	  to	  contribute	  in	  either	  sFCAL	  or	  LAr	  MiniFCAL	  scenarios	  	  

!  Readout	  upgrade	  concentrates	  on	  FEB2	  and	  US	  is	  leading	  the	  efforts.	  
Current	  R&D	  centered	  on	  FE	  components	  and	  opPons	  that	  will	  influence	  
the	  system	  integraPon.	  Decisions	  in	  the	  R&D	  course	  will	  guide	  the	  efforts	  
to	  construcPon.	  

!  There	  is	  also	  considerable	  US	  interest	  and	  experPse	  in	  the	  BE	  electronics.	  
Discussions	  concerning	  BE	  responsibiliPes	  are	  less	  advanced	  so	  far.	  

!  A	  few	  US	  insPtutes	  have	  expressed	  interest	  in	  HGTD,	  should	  it	  be	  adopted.	  
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Phase II TDAQ Architecture 
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